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QPHrlptlon 

Field oi the Inventien 

The pfe3ent invention relates to films comprising a liquid polarizing suapeneion dispersed in a polymeric resin. 
More partlculariy, it relates to films comprising mierodtoplets and/or Interconnected structure of a liquid polanzing sus- 
pension. It also relates to methods for fabricating such films. 

Background Art 

A light vaK^e was invented and patented by Edwin H. Land (U.S. Patent Nos. 1,951,664 and 1,955,923). Und's 
liQht valve is a cell comprising two substrates, wilh at least one of them being transparent. The substrates bear elec- 
trodes usually in the form of a transparent conductive oxide (TCO) coating. The substrates, which fomi the walls of 
the ceil are spaced a small distance apart. The cell contains a suspension of small particles in a liquid suspending 
15 medium. In the absence of an applied electric field, the particles in the liquid suspension exhibit random Brownian 
motion, and a beam of light passing Into the cell is reflected, transmitted or absorbed depending upon the nature and 
concentration of the particles and the energy content of the light. When an electric field Is applied 'trough he sus^^^^^^ 
sion the particles become aligned parallel to the electric field, and most of the light can pass through the cell. Diicu l ies 
with these early light valves included particle settling, particle clustering, color change by heat, reduction of off-stete 
« optical density, and degradation by ultraviolet (UV) light, so that suspended-particle light valves have not heretofore 
been developed into practical commercial devices. ^ ^ 

some of these difficulties, such as particle settling, particle clustering, color change by heat, and reduct«n of off- 
state optical density have been soh/ed by R.L Saxe (U.S. Patent Nos. 3.756,700; 4,247,175; 4,273,422; 4407,565 
and 4 422 963) FC Lowell (U.S. Patent No. 3.912,365). and R.I. Thompson (U.S. Patent No. 4,078,656), Here, light 
ss valves contained a liquid suspension of solid particles of colloidal size, a polymeric system for helping to disperse the 
partbles in the liquid, and a polymeric stabilizer. Mentioned difficulties were overcome by matching of the densities of 
suspended particles and suspending medium, and by adding the polymeric stabilizer 

However, with particles m liquid suspension, and when the vertical dimension of a cell is large, hydrostatic pressure 
of the liquid suspension causes a pressure difference between the upper and the lower of a cell. Resulting net outward 
30 forces on the substrates cause bowing and distortion of the substrates into non-planar surfaces. Bowing or distortion 
in turn leads to non-uniform suspension thickness and non-unifomi optical density across the cell. Also, when such 
lightvalves are used aswindowsforbuildings,acorrespondinginward-bowingeffect can result due to wind or difleren^^ 
in pressure between inside andoutslde a building. Other disadvantages are degradation due to UV-radiation. difficulties 
in ruling or pouring the liquid suspension to a cell, agglomeration of particles in suspension, leaking of the suspension 
35 due to failure of a seal, and unequal response time andoptlcal density due to a voltage drop from an edge to the middle 

^^'prngasJilaS. Patent Nos. 4,435,047; 4,579,423; and 4,616,903) and J.L. West (U.S. Patent No. 4,685 771) 
im/ented films comprising microdnjplets of a liquid-ciystal material dispersed in a polymeric matrix. In these fitms^ 
micron-size liquid^:rystal droplets are dispersed in and surrounded by polymeric material. In the absence of an apphed 

40 field light passing through the film is strongly forward-scattered, giving the film a milky translucent appearance. When 
an electric field is applied, the liquid-ciystal molecules become aligned and the film becomes transparent. Foimation 
of unifomi liquid^rystal droplets in a polymeric matrix can be achieved by one of a number of phase separation proc- 
esses, involving, e.g., polymerization, themial processing, solvent evaporation, or emulsifying. 

The light valves invented by J. Fergason and J.L. West are milky translucent in the absence of an applied voltage^ 

46 Their light scattering properties detract from their aesthetic appeal and thus limit their applicability to displays and 
windows Furthermore, the liquid crystal partially interacts with the polymeric matrix, as a plasticizer and a mixture of 
several liquki crystal materials is used. As a result, in the presence of an applied field, the transparent state remains 
milky because of a difference between the refractive indices of the liquid crystal and the polymeric matrix. The optical 
use as a light valve Is limited to switching functions between the transparent and opaque states. Such a light valve can 

50 be used for curtainless windows and the- like, but Is not applicable for soolled smart windows, where a continuous 
control of the transmittance of solar radiation is required. Moreover, since liquid crystal materials are affected by UV- 
radiation, a UV-blocking filter or UV-absorbing additive is necessaiy. Specifically with respect to nematic liquid-crystal 
materials, their applicability is limited because of their temperature sensitivity, 

US-A.4 919 521 discloses a light valve comprising a film made of a solid matrix layer, wherein micro-capsules 

55 containing a suspension of magnetically anisotropic partteles are dispersed. According to this document, the matrix 
polymer may also form the walls of the micro-capsules. The methods for making these films do not invoh/e formatron 
of microdroplets through phase separation of the suspending medium from the polymer matrix material due to partial 
or complete incompatibility but are based on usual micro-encapsulation techniques. 
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Sumrnary 9I the Invention 

It Is an object of the present Invention to provide films comprising microdroplets of a liquid suspension dhipersed 

in a solid or Bemisoiid polymeric film. »„ioii„.,w 

It is a further object of the present Invention to provide films which comprise an interconnected structure of a liquid 

suspension dispersed in a polymeric film. 

It Is another object ol the present invention to provide for convenience of fabrication and to alleviate sealing diffi- 
culties encountered with conventional light valves. „„„„i,„j „,i,h 

It is another object of the present invention to provide films whose radiation transmittance can be controlled with 
an electric field and which have high resistance to UV-llght and to heat. ^ ,„ .^^^ 

It is another object of the present invention to provide films which can be used for curtainless windows and to smart 
windows with continuous control of transmittance of solar radiation. , u „ 

A further object is to provide corresponding methods for preparing these films and their use as optical shutters 

ybeab^edS^c^^ars achieved according to the independent claims. The dependent claims relate to preferred 

embodiments. j. 1 • , 

The film for light valves according to the present invention is defined in claim 1. 
Method for the preparation of these films are defined in claims 1 0 and 1 2. ...... ^ 

According to a preferred embodiment of the above-explained method the phase separation is effected by thermal 

processing, the thermal processing comprising the steps of; 

. forming a homogeneous solution from a mixture of a polymer and a liquid polarizing solution at elevated temper- 
ature, 
and 

. cooling the homogeneous solution into a misoibility gap, thereby causing phase separatfon. 

The films according to the present invention are obtainable by one of the above claimed methods. 

A preferred film comprtees light-polarizing particles sized from 0.1 to 1 nm, a polymeric stabilizer or dispersing 
agent for keeping the particles in suspension, a suspending medium, e.g., a plasticizer, having good dispersion char- 
acterfetics, being incompatible or partially compatible with a polymeric matrix, and having a refractive index which is 
matched to the refractive Index of the polymeric matrix. 

Brief Description of the Drawings 

Fig 1 is a cross-sectional view of a prior-art light valve including a liquid polarizing suspension; 

Figs. 2 and 3 are schematics of the close (off, unaclivated, darW) and open (on, activated, transparent) states of 

a prior-art light valve including a liquid polarizing suspension; 

FlQ 4 is a fragmentary, cross-sectional schematic of a light valve in accordance with a preferred embodiment of 
thepre8entinvention,includingatran8parentpla8ticflim containing microdropletsofaliquidpolarizingsuspension; 

Figs 6 and 6 are fragmentary schematics of the closed (off, gnactivated, dark) and open (on, activated, transparent) 
states of a film in accordance with the invention, comprising microdroplets of a liquid suspension in a polymeric 

Fif 7 is a fragmentaiy, cross-sectional schematic of a light valve in accordance with a preferred embodiment of 
the'present invention, including a transparent film containing an interconnected structure of droplets of a liquid 

polarizing suspension; and . ^ ^ , , j „ /„„ 

FlQS 8 and 9 are fragmentary, cross-sectional schematics of the closed(off, unactivated, dark) and open (on, 
artivated, transparent) states of a film in accordance wHh the Invention, comprising an interconnected structure 
of droplets of liquid suspension in a polymeric matrix. 

Detailed Description of the Preferred Embodiments 

Prior-art difficulties are alleviated fomiing a film comprising a liquid polarizing suspension dispersed in a polymeric 
matrix In theabsence of an AC-voltage applied to the film, particles In microdroplets and/or an interconnected structure 
of theliquidpolarizingsuspension exhibit random Brownlan motion, and thefilm is darkbluedue to theelectrodichioic 

effect of polarizing particles. When an AC-voltage is applied across the film, the particles in the liquid polarizing sus- 
pension become aligned parallel to the electric field, and, when the refractive indices of the polymeric matrix and the 
suspension are matched, the film becomes transparent. Preferred films are less prone to difficulties in filling or pounng 
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the liquid suspension to a cell, agglomeration of particles in suspension, leaking of the suspension due to failure of a 
seal and unequal response time and optical density due to a voltage drop from an edge to the middle of a TCO- 
substrate A preferred suspension contains a fluoro-copolymer suspending medium, a polymeric stabilizer such as an 
acrylic copolymer, a UV-absorbing agent, and a dispersing agent. When a film is prepared from such a suspension by 

5 phase separation by polymerization, solvent evaporation, or thermal treatment, care is required to match the refractive 
indices of the liquid suspension and (he polymeric matrix. Also, the particles should remain in the microcjroplets seg- 
regated from the polymeric matrix, for proper alignment in an applied electric field. (When nitrocellulose was previously 
used In making the polarizing particiss for good dispersion and for particle uniformity, light^polanzlng particles could 
remain In the polymqrie matrix because the polymer is almost compatible with nitrocellulose.) 

10 Preferred films of the present Invention comprise a light-polarizing liquid suspension and a polymeric matrix about 
one to four times the amount of liquid suspension. The liquid suspension comprises 1 to 20 wt.% of llght-polarizing 
particles. 60 to 98 wt.% of suspending medium, and 1 to 20 wt.% of polymeric stabilizer or dispersing agent for keeping 
the particles suspended In suspending medium. . u .• 

Ught-polarizing particles are formed as polyhalides by reaction of a precursor (pyrazine-2.3-dicarboxylic acid. 

t6 pyrazln8-2.5.dicarboxylic acid. pyridlne-2,5-dlcarboxylic acid, hydroxyqulnolino. dihydrocinchonidine sulfate, or 2-hy- 
droxypyrldine) with hydrogen Iodide and Iodine In the presence of a protective matenal such as a copolymer and 

"^^^Tuitabriight-polarizing particles are described in U.S. Patent Nos. 2.041.138; 2,306.108; 2,375.963; and 
4 270 814 and in U.K. Patent No. 433,455. Described polyhalide particles are herapathite crystals formed by reaction 

20 Of quinine bisulfate. iodine, and hydrogen iodide. Salts of other members of the quinine alkaloid family also form light- 
polarizing polyiodies by reaction, e.g., of cinchonidine bisulfate with iodine and hydrogen iodide. Furthermore, poly- 
halides such as polyiodides. polychlorides and polybromides can be formed by reaction of pyrazine or pyridine car- 
boxyllc acid, hydrogen halide acid and/or alkali metal or alkaline earth metal halide with elemental iodine, chlorine, or 
bromine A polyhalide is a complex of halide atoms and an inorganic or organic matrix. (Methods for the manufacture 

2S of light-polarizing particles are described in detail in U.S. Patent No. 4,422,963 which discloses the use of polymeric 
materials such as nitrocellulose for uniform particle size and improved dispersion in a suspending medium. Since 
nitrocellulose is compatible with the polymeric matrix material, particles treated with nitrocellulose are not segregated 
to the mlcrodroplets but may remain in the polymeric matrix. In accordance with an aspect of the invention, this drawback 
is overcome by use of a polymeric dispersant. e.g., poly(acrylic acid) or poly(2-hydroxyethyl methacrylate). which is 

50 incompatible or partially compatible with the polymeric matrix material. Particles treated with nitrocellulose can be 
segregated to the mlcrodroplets by adding A-8 type block copolymer This copolymer has to be soluble in the liquid 
suspending medium, incompatible or partially compatible with the polymeric matrix material, and inert with respect to 
the suspended particles and the suspending mediiJm. The conductivity and viscosity of the liquid suspension should 
remain limited. In the present invention, preferred size of the light-polarizing particles is less than 1 urn and preferably 

35 in a wge from O.i to 0.3 ^m. and the particles should be shaped like needles, laths, rods, or plates. When particle 
size is greater than 1 ^im, a film may not be transparent even In the presence of a field, due to the electroKjichroic 
effect of particles in th§ polymeric matrix. . u ♦ u 

The polymeric stabilizer used in the present invention is A-B type block copolymer. This copolymer has to be 
soluble In the liquid suspending medium, and to be incompatible or at most partially compatible with the polymeric 

40 matrix. The copolymer must be inert with respect to the suspended particles and the suspending medium, and its 
inclusion should not result in an overly conductive or viscous suspension. The A-B type copolymers used in the present 
inventton comprise a solvating or solubilizing component and an anchoring component, wherein the solvating or B- 
component of the block polymer Is an organic group having sufficient branching to impart solubility, and wherein the 
second or A-segment of the block copolymer anchors to the surface of the light-polarizing particles or to another polymer 

45 on the surface of the particles. These requirements are satisfied by an A-B type block copolymer such as poly(neopentyl 
methacfylate-block-hydroxyethyl methacrylate). poly(neopentyl methacrylate-block-styrene). or poly(acrylonitnle- 
block-styrene). Block copolymers are described in "eiock Copolymers - Overview and Critical Sun/ey", A. Noshay et 
a!., Academic Press. New York. 1977. pp. 83-163 and in "Block and Graft Polymers', W.J. Burlant et al.. Remhold 
Publishing Corp., New York, 1960. In the present invention, the amount of the A-B-type block copolymer in the liquid 

50 polarizing suspension Is below 10 wt.% and preferably in the range from 2 to 5 wt.%. Higher A-B iJlock copolymer 
contentslhan specified here result in inordinately slow response and. when an applied field is weak, In inadequate 
transparency of the film. Also suitable as dispersant materials are oil-soluble phosphate salts of alkyi amines. 

Suitable liQuid suapen^lng media are described in U.S. Patent Nos. 1 .961 .664; 2.290.582; 3.625.869; 4,247,175; 
^nd 4,442,019. Described there are a number of Hqyid sijspension media, e.g.. esters, oils, aromatic alcohols, and 
aromatic enters for suspending particles in light valves. In accordance with an aspect of the invention, the liquid sus- 
pending medium has to be incompatible or at most partially compatible with the polymeric matrix, and to be inert with 
respect to the suspended particles and the polymeric stabilizer. Also, the difference of refractive index between sus- 
pending medium and a polymeric matrix must not exceed 0.02. The suspending medium in the present Invention is a 
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plastfeizer such 99 a phthalate (dioetyl phthalet©. dibutyl phthalate. diisooctyl phthafate. butyloctyl phthalate). an Isg- 
phthalate (dioetyl isephth^iate), an oiiata (butyl oloata, n-prepyi gleate. ate.), an adipate (dioetyl adipate, etc.), or a 
benwatQ (diethyl glycol dibenzgate, etc). PlaatlQlzere are described in "The Toghnology ef Pla8ticizer$^ J.K. Sears at 
al., John Wiley & Sons. New York. 1 982. pp. 966-1077. Table 1 shows properties and polymeric compatibilities of typical 

? plasticlzere used in the present invention. 

Uniform liquid-suspension droplets in a polymeric matrix can be formed by various phase-separation processes, 
e.g., by polymerization, by thermal processing, by solvent evaporation, by an emulsifying method. Each of these in- 
volves the formation of a homogeneous solution of a polymer or pre-polymer with a liquids suspension, followed by 
phase separation, droplet formation, and, finally, polymer gelation or solidification. Phase-separation processing can 

10 be applied to a broad range of polymers, including thermoplastic and thermosetting resins. These methods are simple, 
and their use can reduce fabrication costs in display or window applications. They are applicable not only to liquid- 
suspension, polymer-nnatrix systems, but also to liquid-crystal, polymer-matrix systems for making a light valve. Com- 
mercialization of the latter has met with practical difficulties, however. 

In accordance with an aspect of the present invention, films for a light valve comprise micron-size droplets and/or 

15 an interconnected structure of a liquid suspension, dispersed in a polymeric matrix. Preferred manufacture comprises 
a phase-separation process, e.g., polymerization, thermal processing, or solvent evaporation. The droplets are made 
of a liquid polarizing suspension, not of liquids crystal. In the absence of an applied voltage, the light valve appears 
dark blue, not because of light scattering, but because of light absorption by the particles. 

A preferred first fabrication method of films of the invention involves phase separation by solvent evaporation and 

SQ inptudee the following steps: 

1 . The polymer is dissolved in a common solvent. 

g. The resulting solution is mixed with the liquid suspension to form a homogeneous solution. 

3. A PiT- or glass TCO-substrate is coated with the resulting solution by doctor-blading or roll coating. The thick- 
ness of the wet coating Is 1 0 to 300 ^m. 

4. The solvent is evaporated in a clean environment at room temperature or at 50 to 90 " C. 

5. A second conductive substrate is adhered to the resulting film, under pressure and heat. 

The refractive index of the polymerix matrix used in he present invention is about from 1 .46 to 1 .50. The polymeric 
30 matrix is incompatible or partially compatible with the suspending medium, and is a polymeric resin, e.g., poly(vinyl- 
butyral), poly(vinylacetate), poly(methylmethacrylate), or cellulose acetate. Table 2 shows properties and solvents of 
the polymeric matrix. 

Solvents of the polymeric matrix used in the present invention are esters (isoamyl acetate, benzyl acetate, ethyl 
acetate, and methyl acetate) and aromatic hydrocarbons xylene and toluene). These solvents are described in "Polymer 

35 Handbook". 3rd ed., J. Brandrup et al.. John Wiley & Sons. VI 1/379-Vl 1/403, 1 989. 

For phase separation by solvent evaporation, preferred thermoplastic resins are soluble in a solvent, or mixture 
of solvents, with which the liquid polarizing suspension Is miscible. Solvent evaporation is useful for resins whose 
transition temperature is so high that the liquid polarizing suspension is degraded at temperatures higher than the 
transition temperature. In the present invention, the liquid polarizing suspension and a resin, e.g., poly(vinyl butyral). 

40 poly(vlnyl acetate), pQly(methyl methacrylate), or cellulose acetate, are dissolved in a common solvent forming a ho- 
mogeneous solution, The liquid polarizing suspension comprises a liquid suspending medium which is incompatible 
or partially compatible with the polymeric matrix, and whose refractive index closely matches the refractive index of 
the polymerix matrix. The solution is coated onto a substrate of a transparent conductive glass or PET-film by doctor- 
blading or roller coating. The solvent is removed by evaporation in a clean environment at room temperature or at 50 

46 to 90* e, resulting in phase separation iand polymer solidification. The resulting film has droplets and/or interconnected 
structure of the suspension dispersed In a polymeric matrix. Droplet size, shape, and interconnected structure depend 
on the rate of solvent removal, the rate of diffusion, the relative concentration of the suspensipn in the solution, the 
types of suspending medium and polymer used, the degree of compatibility of the polymer and the suspending medium, 
and on physical parameters such as viscosity. 

so A preferred second fabrication method for films of the invention involves phase separatbn by polymerization. This 
method is particularly useful If a pre-polymer material is miscible with the liquid polarizing suspension. A homogeneous 
solution is prepared by mixing the pre-polymer with the liquid polarizing suspension. Polymerization is effected by a 
condensation reaction, e.g., with a thermosetting resin such as epoxy. silicone, or urethane, for example; by free-radical 
polymerization, as with vinyl or acrylic monomers such as methyl methacrylate or vinyl acetate, catalyzed with a f ree- 

55 radical Initiator such as benzoylperoxide; or by photo-Initiated polymerization. The solubility of the liquid polarizing 
suspension decreases as polymer chains grow longer, until the liquid-polarizing-suspension phase separates, forming 
droplets. The size of droplets and/or interconnected structure of the suspension dispersed in a polymeric matrix, and 
the film morphology are established in the time Inten/al between droplet nucleation and gelation of the polymer. Droplet 
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size depends on the rate of polymerization, the rate of diffusion, the solubility of the l.qu.d polarizing suspension and 
ZolW the type, of suspending medium and polymer used, and by physical parameters such as ^^^^^ 
A 2red tSfabrlcation method lor films in accordance with the present invention involves phase separaton 

Z ^ m r^^^^^ and a liquid polarizing suspension forms a -^^^^^^^^^^^ 
a?ed S erelure. Cooling the homogeneouB solulton Into the miscibillty gap causes phase ''^^^^ 
poSXension. Droplet size of the liquid polarizing suspenston is governed by the rate of coohng ar«J depends 
en a number of material parameters, e.g. viscosity and chemical potential. 

Te oresent invention is applicable for films capable of controlling the transmittance of solar radiatior^ by an electric 
field ThJoS^^^^^^^^ is based on electric^ield alignment of light-polarizing P^ticles in drop e s 

dSpersed inTe polymeric matrix. An AC-voltage is preferred for activating the film. In the present ^-^^^"'J^^^ 
InsTs ion and better contrast are achieved on account of matchin 

a d a p ymeric matrix. Incident light which encounters and effective refractive index djerence ej'ee"^^^^^^^^ 
matrix and the suspending medium is scattered; light which encounters no such difference is 'ran8m'««J^^P'J^^ 
irSvotegeaSd^^^^^^^ 

Ze t veiy Typically, the decay time is about several tens of milliseconds, and the rise time is about one^fth to one- 
a f f he ecS time Light valves of the Mention have excellent stability in a cycle te^ of 2 x OS CY s, 
a withstand a temperafure of 85' C for at least 1000 hours wrthout significant degradation of P ^^^^- 
Many types of conductive coatings and overcoatings can be incorporated into ligh valves '"^'"^"^^S «>'™ °' 

presSLon. To isolate the conductK/e coaling, an overcoating 200 to 1000 A thick can be deposited on one or 

'°'';raCcfo?a?AcS^^^^ 
ofth i quld pol^^^ 

enec S polLing particles. When an AC-voltage is applied across the film, the particles in the liquid Po^^' 

become aLed parallel to the electric field, and, when the refractive indfces of a polymeric matrix and the 

ptsioraTniK 
d peJltoaceM 

and unequal response time and optical density due to a voltage drop from an edge to the middte ° '^J^as^^^^^^^ 
LiQht valves corirising a liquid crystal are milky translucent in the absence of an applied voltage. Their " J 8«a«^""9 
rfirSfrom^he; aestLic appeal and thus limit their applkcability to cjsplays and ^J'^^jJ^^;^^^^ 
he liquid crystal part^lly interacts with the polymeric matrix, as a ptasticizer and ^,7'''"^!;° ^'^'J"^^^^^^^^ 
materials Is used As a result, in the presence of an applied field, the transparent state remains ^ J^s^^"" 
Zlnce between the refractive indices of the liquid crystal and the po^menc matrDC Moreover, since lK^uU<rysl8^ 
materiate are affected by UV-radiation, a UV-blocking filter or UV-absorbing addRive .s necessary Spec flcally with 
refi^t^nemSSd^^^^^ 

'"^CprTs^rrnr^^^^^^^^^ 

fabri l^aTrhUsn'otsuf^^^ 

suspensiondroplets inapolymericmatrbc is achieved byphase-separation processing e.g.,bypoJ^^^^^ 
processing, or solvent evaporation. Advantageously use of these simple, inexpensive, one-step methods results in 
cost reduction in the fabrteatton of displays and windows. . „„Kii=Hic«i=wri6vir« 

Films of the present invention can be used for a large variety of applications, e.g.. in automobje display devices 
automobil9windshields.automobilerear^iewmirrors.windowforbuilding8,sunglas8es, optical 8hutters,andflat-panel 

''''K^elence to Fig.1,aprior-artlightvalve includes two glass substra^ 

coatrion its innersuLe. The glass substrates2areseparatedbyaspacer4,andasealingmater«^^ 

foTsealing the edges of the glass substrates to fomi a chamber for the light-polarKing suspension 3. The conductive 
coatinal is connected loan AC-power supply 6 via a switch. ^ ^- , o - u «.nHnm 

PiQ 2 shows the closed or opaque state of the prior-art light valve. Tiny rod-shaped particles 8 are in random 
orienSkJ, iS the suspeU medium 9, A beam of light 10 imp».ging on the light valve is subetantialiy cut o« by 

*~;S1sSTeo"etrCSntstate.^ 

coatings aligns the particles 8, and the light beam 10 passes through the cell. „,„r^,^M. la «. 

Fig 4, 5 and 6 relate to a light valve of the present Invention, Including a film 13 containing microdreplets 18 of 
the liquid poterizing suspension dispersed in the polymeric matrix 16, This light valve contains a film sandwiched be- 
tween two qiass substrates 12 with transparent conductive coatings 11 on their inner faces. 

Fi^Sematical^ shows the closed or opaque state of a light vah^e of the present invention, ^^si g^^^^^^^^^ 
droplete 18 of the liquid suspension dispersed in a polymeric matrix 16. Tiny rod-shaped particles 19 are oriented at 
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random in the suspending medium 17. A beam of light 20 impinging on .he light valve is substantially cut o« by ab- 

" E»»p,.,»sWb™d,*«(*n,li..»)»P«»™«™^^ 

?™,»i,.«»ndMBiami)l82Swa8 lolo»«), «h IMuene ana xylene as rsspMW po»™rlc maW itiale» 

Eam* 3, Examle 30 «». lolkmed, e«»pl »« T T^H |» ino 
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droplets and/or interconnected structure of suspension in a polyrr^ric matrix. A finished ceil was rT,ade by lam,nat,on 
toasecond TCO^substrate^ ^ 5, ,o 100 
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Table 2. 



Properties and Solvents gf the Polymeric Matrix. 


Properties Polymer 


refractive Index 


Tm 


Density (g/cm^) 


Solvents 


PMMA 


1.480 (20 *C) 


180 


1.19 


benzene, toluene, xylene, chloroform, 
isobutanol, dioxane, MIK, cyolohexanone 
acetic acidi tormic aciQi emyi u\fO\m^^ 
isoamyl acetate, nitroethane. etc. 


PVB 


1.48a 


81 (Tg) 


1.08 


acetone, methylbenzoate. isopropanol, 
MEK, THF methylene chloride, etc, 


PVAc 


1.466 


30 (Tg) 


1,1 


benzene, tuolene, chloroform, carbon 
tetracnionoe meinanoj, ouianui, u\3Pf.yi 
alcohol, THF, xylene acetone, acetic acid, 
isoamyl acetate, benzyl acetate, DMR 
DMSO, etc. 


Cellulose acetate 


1.475 (20 »C) 


240 


1.31 


water, methyl acetate methanol, acetic 
acid, phenols, benzyl alcohol, dioxane . 
pyridine, aniline acetone, cyclohexanone. 
formic acid, acetic acid, methyl acetate, 
ethyl acetate, etc. 



Cljalme 

1. A film (13) for a light valve, 
eomprlsing; 

(I) a polymeric matrix (16; 86), 
and 

(II) a liquid suspension, which comprises: 

. a liquid suspending medium (17; 27) which is only partially compatible or incompatible with the polymeric 
S ob; 26) and has a refractive hdex differing by at most 0.02 from that of the poh^menc matrix, 

. a polymeric stabilizer or dispersing agent dissolved in the liquid suspending medium (17; 27), and 

- suspended non-liquid crystalline light-polarizing particles (1 9; 29) of a size of < 1 pm, 

and Which is dispersed in the polymeric matrix (16; 26) h the form of Independent '^^^^^^^J^^;''^ 
in the form of an interconnected microdroplet structure (28), wherein the microdroplets andtor microdroplet 
structure is generated by phase separation. 

2. The film (1 3) according to claim 1 , characterized in that the polymeric matrbc (16; 26) is made of a polymer resin. 

3. The film (1 3) according to claim 2, characterized in that the polymeric matrix (16; 26) is made of a polymer of vinyl 
Of acrylic monomofs. or of an epoxy, silicone or urethane resin. 

"sr.ir.«rpS.5^s,%; o.p*(™.M po.^^^ 

(Vinyl acetate) or cellulose acetate- 
5. The film (13) according to any of claims 1 to 4, characterized in that the liquid suspending medium (17; 27) is 
selected from esters, oils, aromatic alcohols and aromatic esters. 
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6 The film (13) aeeording tp any of claims 1 to 6. eharepterlzed in thgt the liquid suspending medium (17, 87) is 
selected fluofoPQPQiymere and p!astioi2ef§. lueh ae phth^iatee and isophthaiates. oieetes, adtpate^, b^n- 
m\^^ andtriQGtyl trimeiM. 

7 The film (13) according to any of olalme 1 to 6. characterized in that the polymeric stabilizer or dispersing agent 
is seleeted from pely(aery|ic aeid). poly(2=hydrQxyethyl methaorylate). acrylic eopelymers. and A-B type block co-^ 
polymers comprising an anchoring component (A) anchoring to the surface of the llghtfolanzing particles (19; 29) 
or to another polymer on the surface of the llght-polarizing particles (1 9; 29), and a solvating or solubilizing eom- 
ponent (B), selected from poly(neopentyl melhacrylate-block^hydroxyethyl methacrylate). 

poly(neopentyl methacrylate-block-styrene). and poly(acrylonitrile-block-8tyrenG). 

8. The film (1 3) according to any of claims 1 to 7, characterized in that, in the liquid suspension, 
. the amount of light-polarizing particles (19; 29) is 1 to 20 % b.w.. 

. the amount of the polymeric stabilizer or dispersing agent is 1 to 20 % b.w.. and in the case of A-B type block 
copolymers < 10% b.w., 
and 

- the amount of the suspending medium (1 7, 27) Is 60 to 98 % b.w. . 

% The film (13) according to any of claims 1 to 8. characterized in that the Ilght-polarlzing particles (19, 29) are 
polyhalide p§rti@|es. 

10. A method for the preparation of the film (1 3) according to any of claims l to 9, comprising the steps of: 

(1) dissolving the polymer resin provided for the polymeric matrix (16; 26) in a solvent; 

(2) preparing a suspension of the light-polarizing particles (19; 29) in a liquid suspending medium (17; 27) 
which is only partially compatible or Incompatible with the polymer resin of the polymeric matrix (16; 28) com^ 
prising the polymeric stabilizer or dispersing agent. 

(3) mixing the solution of the polymer resin obtained in step (1) with the suspension obtained in step (2) to 
\orm a homogeneous solution comprising the dispersed light-polarizing particles. 

(4) coating the homogeneous solution on a substrate in the form of a film, 
and 

(5) phase separation of the polymeric matrix phase and the liquid suspension phase and solidification or pol- 
ymer gelation. 

11. The method according to claim 10. characterized in that in step (5) solvent evaporatbn from the polymeric matrix 
phase, thermal processing or emulsiflcation are applied- 

12. A method for the preparation of the film (1 3) according to any of claims 1 to 9. comprising the steps of: 

(1 ) dissolving the monomer or prepolymer of the polymer resin provided for the polymeric matrix (1 6; 26) in a 
solvent: 

(2) preparing a suspension of the !ight-pQlaria;ing particles (19; 29) in a liquid suspending medium (17; 27) 
whieh Is only parti&jly compatible or InaQmpalifele with the polymer resin of the polymerie matrix (16; 26) oom- 
prising the pQiymeric stabiliser or dispersing agent, 

(3) mixing the solution obtained in step (1) with the suspension obtained in step (2) to form a homogeneous 
solution comprising the dispersed light-polarizing particles, 

(4) coating the homogeneous solution on a substrate in the form of a film, 
and 
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(5) phase separation and solidification or torming a polymer gel by polymerization of the monomers or prepol- 
ymere. 

13 The method according to any of claims 10 to 12, characterized in that in step (3), the mixed solution is prepared 
at an elevated temperature, and in step (5), the homogeneous solution is cooled into a miscibility gap, thereby 
causing phase separation. 

14. The method according to any of claims 10 to 1 3. characterized in that the solvent used In step (1 ) is selected from 



Wdt8r* 

esters, such as methyl acetate, ethyl acetate, isoamyl acetate, benzyl acetate, and methyl benzoate; 
aromatic hydrocarbons, such as benzene, xylene, toluene; 
acetone, methyl ethyl ketone (MEK), and cyclohexanone; 
formic acid and acetic acid; 

methylene chloride, chloroform and carbon tetrachloride; 
methanol, ethanol, isopropanol. isobutanol. benzyl alcohol; 
dioxane and tetrahydroturan (THF); 
phenols; 
nitroethane; 

dimethyl formamlde (OMF); 
dimethyl sulfoxide (DMSO); 
pyridine, and 
aniline. 

15. The method according to any of claims 10 to 14. characterized In that in step (4). the solution comprising the light- 
polarizing particles is coated on a conductive substrate, or a substrate made of glass or a PET film. 

16. The method according to any of claims 10 to 15, a TCO electrode substrate is used in step (4). 

17. Useofthefilmsaccordingtoanyofclaims1to9inautomobiledisplaydevices,automobilewindshields.automobn 
rear-view mirrors, windows for buildings, sunglasses, optical shutters and flatpanel display devices. 

IB. Optical shutters, comprising one or more films according to any of claims 1 to 9. 



PatentaneprOehe 



1, Fllm(13)fOrUohtventile. 



(I) eine Polymormatrix (16; 86) 
und 

(II) etneflQssige Suspension, die enthalt: 

• ein flussiges Suspendiermedium (17; 27), das mit der Polymemiatrix (16; 26) nur teilweise kompatibel 
Oder nicht kompatibel ist und einen Brechungsindex aufweist. der urn hochstens 0,02 vom Brechungsindex 
der Polymermatrix verschieden ist, 

- ein polymeres Stabilisierungsmittel oder Dispergiermittel, das im flussigen Suspendiermedium (17; 27) 
gelost ist, und 

- suspendierte nicht flOssigkristalline. Licht polarisierende Partikel (19; 29) einer GroRe < 1 ^lm, 

und die in Form unabhangiger Mikrotropfchen (18) und/oder in Form einer Mikrotropfchenstruktur (28) mitein- 
ander verbundener Mikrotropfchen in der Polymermatrix (1 6; 26) dispergiert ist. wobei die Mikrotropfchen und/ 
Oder die Mikrotropfchenstruktur durch Phasentrennung erzeugt ist. 

2. Film (13) nach Anspruch 1. dadurch gekennzeichnet. daB die Polymermatrix (16; 26) aus einem Polymerharz 
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besteht. 

3. Film (13) nach Anspruch 2, dadurch gekennzeichnet, da3 die Polymermatrix (16; 26) aus einem Polymer von 
Vinyl- Oder AcryhMonomeren Oder einem Epoxyharz, einem Slllconharz Oder einem Urethanharz besteht. 

4. Film (1 3) nach Anspruch 2 und/oder 3, dadurch gekennzeichnet, daft die Polymermatrix (16; 26) aus Poly(mQthyl- 
methaorylai). Poly(vinyibutyral), Poly(vinyiaGetat) oder Oellyloseaeetat beateht. 

5. Film (1 3) nach einem der AnsprOche 1 bis 4, dadurch gekennzeichnet, daB das flOssige Suspendiermedium (17; 
27) unter Estem, dten, arpmatisohen Alkoholen und ^rpmatischen Estem ausgewdhit ist. 

6. Film (13) nach einem der Anspruche 1 bis 5, dadurch gekennzeichnet, da(3 das flussige Suspendiermedium (17; 
27) unter Fluor-Copolymeren und Welchmachern, wie Phthalaten und Isophthalaten. Oieaten, Adipaten. Benzo- 
aten und Trioctyltrimellitat, ausgewahit ist. 

7. Film (13) nach einem der Anspruche 1 bis 6, dadurch gekennzeichnet, da8 das polymere Stabilisierungsmittel 
Oder Dispergiermittel unter Poly(acrylsaure), Poly(2-hydroxyethylmethacrylat), Acrylsaure-Copolymeren und 
Blockcopolymeren vom Typ A-B ausgewahit ist, die eine Verankerungskomponente (A), die sich an der Oberflache 
der Licht polarisierenden Partikel (19; 29) oder einem anderen Polymer an der Oberflache der LIcht polarisierenden 
Partikel (19; 29) verankern, und eine solvatisierende oder solubilisierende Komponente (B) enthalten und ausge- 
wahit sind unter Poly(neopentylmethacrylat-block-hydroxyethylmethacrylat), Poly(neopentylmethacrylat-block- 
styrol) und Poly(acrylnitriI-block8tyrol). 

8. Film (1 3) nach einem der Anspruche 1 bis 7, dadurch gekennzeichnet, da(3 in der flussigen Suspension 
• die Menge der Licht polarisierenden Partikel (1 9; 29) 1 bis 20 Gew.-%, 

- die Menge des polymeren Stabilisierungsmlttels oder Dispergiermittels 1 bis 20 Gew.-% und im Fall von Block- 
copolymeren vom Typ A'B < 10 Gew-'% 

und 

- die Menge des Suspendiermediums (17; 27] 60 bis 98 Gew.'% 
betragen. 

9. Film (1 3) nach einem der Anspruche 1 bis 8, dadurch gekennzeichnet, da3 die Licht polarisierenden Partikel (1 9; 
29) Polyhalogenidpartikel sind. 

10. Verfahren zur Herstellung der Filme (1 3) nach einem der Anspruche 1 bis 9, das folgende Schritte umfaBt: 

(1) Losen des fur die Polymermatrix (16; 26) vorgesehenen Polymerharzes in einem Losungsmittel; 

(2) Herstellung einer Suspension der Licht polarisierenden Partikel (19; 29) in einem flOssigen Suspendier- 
medium (17; 27), das mit dem Polymerharz der Polymermatrix (16; 26) nur teilweise kompatibel oder nicht 
kompatibel ist und das polymere Stabilisierungsmittel oder Dispergiermittel enthalt, 

(3) MIschen der in Schritt (1 ) erhaltenen Losung des Polymerharzes mit der in Schritt (2) erhaltenen Suspen- 
sion unter Erhalt einer homogenen Losung, die disperglerte Licht polarislerende Partikel enthalt, 

(4) Erzeugen eines Films durch Beschichtung eines Substrate mit der homogenen Losung 
und 

(5) Phasentrennung der Polymermatrixphase und der flussigen Suspensionsphase und Verfestigung oder 
OberfQhrung de9 Polymers in den Gelzustand. 

11. Verfahren nach Anspruch 10, dadurch gekennzeichnet, da3 in Schritt (5) das Losungsmittel aus der Polymerma- 
trixphase abgedampft wird, ein thermiecher Verfahrensschritt angewandt wird oder in eine Emulsion Qbergef uhrt 
wird. 

12. Verfahren zur Herstellung des Films (13) nach einem der Anspruche 1 bis 9, das folgende Schritte umfa3t: 

(1 ) Losen des Monomers oder eines Prepolymers des f Or die Polymermatrix (16; 26) vorgesehenen Polymer- 
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hifzes in ein@m LQsyngsmittsI; 

(2) Harstellung einer Suspension der Licht polarislerendan Partikel (19; 29) in einenn flQssigen Suspendior- 
medium (17; 27). das mit dem Polymerharz der Polymermatrix (16; 26) nur teilwelse kompatibel Oder nicht 
kompatibel ist und das polymere Stabilisiarung^mittel oder Olspsrglermittel anthalt. 

(3) Mischen der in Schritt (1 ) erhaltenen Losung mit der In Schrllt (2) erhaltenen Suspension unter Erhalt einer 
homogenen Losung, die disporgierte Ucht polarlsisrende Partikel enthSIt, 

(4) Erzeugen eines Films durcii Beschichtung eines Substrats mit der homogenen Losung 
und 

(5) Phasentrennung und Verf estigung oder Erzeugung eines Polymergels durcii Poiymerisation der Monome- 
ren Oder Pfepolymsren, 

13. Verfahren nach einem der Anspruche 10 bis 12. dadurch gakennzeichnet, da(3 in Sclnritt (3) die gemischte Losung 
bei erholitar Temperatur hergestallt wird und in Schritt (5) die homogene Losung durch AbkOhlung in eine Mi- 
sehungslOcke gebracht wird, wodurch Phasentrennung hen/orgerufen vyird. 

14. Verfahren nach einem der Anspruche 10 bis 13. dadurch gekennzekjhnet, daft das in Schritt (1) verwendete L6- 
9ungsniitt@l ausgewahlt l@t unter 

« Wa§58f; 

. Estem. wie Methylacetat, Ethylacetat, Isoamyl acetat. Benzylaeetat und Methylbenzoat; 
r 8f0mati9ehen Kohlenwasserstoffen. m Benzol. Xylel und Toluol; 
. Aeeton. Methylethylketon (MiK) und eyelehexanon; 

• Ameisensaurp und issigsaure; 

• Methylenehlorid. Chlorofornpi und Tetrachlorkohlenstoff; 

• Methanol, Ethanol, isopropanol. Isobutanol und Benzylalkohol; 
n DIoxan und Tetrahydroturan (THF); 

• Phenolen; 

• ISIItroethan; 

p DImethylformamid (DMF); 

• Dimethylsulfoxid (0MSO) ; 

• Pyridin so wie 

• Anilin. 

15. Verfahren nach einem der AnsprOche 10 bis 14, dadurch gekennzeichnet, da6 In Schritt (4) die Losung, wolche 
die Licht polarisierenden Partikel enthalt. durch Beschichtung auf ein leitfghiges Substrat oder ein aus Glas oder 
einem PgT-Fiim bestehendes Substrat aufgebracht wird: 

16. Verfahren nach einem der Anspruche 10 bis 15, dadurch gekennzeichnet. daQ in Schritt (4) ein TCO-Elektroden- 
§yb8trit verwendet wird. 

17. Verwendung der Filme nach einem der AnsprQche 1 bis 9 in Anzeigevorrichtungen fQr Kraftfahrzeuge. Kraftfahr- 
xeugWindschutischeiben, Kraftfahrzeug-ROekspiegeln. Scheiben zur ©ebaudeverglasung, Sonnenbrillen, opti- 
sehen Shuttem und Fiachblldsehirmvgrriehtungen. 

18. Optische Shutter, die einen oder mehrere Fllme nach einem der AnsprOche 1 bis 9 aufweisen. 



Revendleatlon* 

1 . Un film (1 3) pour un modulateur de lumiire, comprenant : 

(I) une matrice en polymere (16; 26), 
et 

(II) une suspension liquids, laquelle comprend : 
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• un milieu liquide de suspension (1 7; 27) qui est seulement partiellement compatible ou incompatible avec 
la matrice en polym^ra (16; 36) et qui a un Indies de rdlractlon qui diffdre au plus de 0.02 de celui de la 
matrice en polymere, o-7\ 

- un stablllsateur en polym^re ou agent dispersant dissous dans le milieu liquide de suspension (17; 27). et 

• des partlculae suspendues non llquides et cristallines polarisant la Iuml6re (19; 29) ayant une grosseur 
infdrteure d 1 micron, 

et est dispersde dans la matrlce en poIym6re (16; 26) sous la forme de micro-gouttelettes IndSpendantes (18) 

et/ou sous la forme d'ur^e structure de miero^gouttelett^s intereonneet6es (?8), 

les miero-gouttelettes et/ou la structure de micro-gouttelettes dtant produltes par separation de phases. 

2. le film (13) selon la revendication 1. caract6ris6 en ce que la matrlce en polym^re (16; 26) est r6alls6e en rdslne 
polymftre. 

9. Le film (1 3) selon la rev^ndlcatien 2. caraeterise en cp que la matripe en polymere (16; 26) est rdalls^e en pQlymftr© 
d9 m©Pom6f99 vipiyliqyee m eeryiieiyas. ou an rdsln© mm^ * si'^ono eu d'ur^thane. 

4 Le film (1 3) selon la revendication 2 et/ou 3. caract^ris6 en ce que la matrlce en polym^re (1 6; 26) est rdalis^e en 
polym^re de m6thyle.m6thacry!ate. en pglymare de vinyle^butyral, en polymdre de vinyle^acdtate ou en acetate 
de sellulQ^d. 

5. Le film (13) selon Tune quelconque des revendications 1 h 4, caract6ris§ en ce que le milieu liquide de suspension 
(17; 27) est choisi parmi les esters, les huiles, les alcools aromatiques et les esters aromatiques. 

6 Le film (1 3) selon I'une quelconque des revendications 1 k 5. caract6rls6 en ce que le milieu liquide de suspension 
(17; 27 ) est choisi parmi les copolym^res fluor6s et les plastlfiants. tels que des phthalates et des isophthalates, 
des oleates, des adipates, des benzoates. des trimellitates trioctyliques. 

7 Le film (13) selon I'une quelconque des revendications 1 a 6, caract6ris6 en ce que le stabilisateur en polymere 
ou agent dispersant est choisi parmi I9 polymere d'acide polyacrylique, le polymere de 2 hydroxy6thy!e^Tt6tha- 
crylate les copolym^res acrytiques. et les copolym^res en masse du type A-B comprenant un c^mposant d'an- 
crM© (A) qui s'ancre sur la surface des particules polarisant la lumi^re (19; 29) ou sur un autre polym6re se 
trouvant sur la surface des particules polarisant Is lumiere (19; 29). et un composant de solvatation ou de eolubi- 
lisation (B). ehQlai purml 

le copolym^re de n^opentyle-mathaciylate as$pei6 avec du hydrpxy^thyle-m^thacrylate, 
l3 cJOPQlypn^r© sie n69pentyie«fn^tha@iylate asspei^ avec dw styrene. et 
le g0polym6f9 d'&srylonltFiie mm\^ §ve6 du ^tyr&ne. 

8. Le film ( 1 3) selon I'une quelconque des revendications 1 ^ 7. caract6ris6 en ce que. dans la suspension de liquide. 

- la quantity de particules polarisant la lumi6re (1 9; 29) est comprise entre 1 et 20 % en polds, 

- la quantitd de stabillsateurs de polymere ou d'agents de dispersion est comprise entre 1 et 20 % en poids. et 
dans le cas des cppolym6res en masse de type A-B, inf6rieure ^ 10 % en poids. 

et 

- la quantity du milieu de suspension (17; 27) est comprise entre 60 et 98 % en polds. 

9. Le film (13) selon I'une quelconque des revendications 1 k B. caract6rls6 en ce que les particules polarisant la 
Iuml6re (19; 29) sont des particules de polyhailoides. 

10. Un proc6d§ destin6 k la preparation du film (13) selon I'une quelconque des revendications 1 k 9, comprenant les 
etapes sulvantes : 

(I) dissolution dans un solvant de la r6sine polym6re pr6vue pour la matrlce en polymere (16; 26) ; 

(II) preparation d'une suspension de particules polarisant la Iumi6re (10; 29) dans un milieu liquide de sus- 
pension (17; 27). lequel est seulement partiellement compatible ou incompatible avec la r^sine polymere de 
la matrlce en polymere (16; 26) comprenant le stabilisateur en polymere ou agent de dispersion, (111) melange 
de la solution de resina polymere obtenue k retape (I) avec la suspension obtenue h I'etape (II) pour former 
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une solution homogfene comprenanl les particules dispers6es polarisant la Iumi6re. 
flViaoollcatlonde la 80lytionhQnnog6ne$urun8ub8trat90u8 forme da film, 9t ^ , 

(V) sSon d' phases entre la phase de matrice an polymfere at la phase da suspension da liquide et 
solidillQatian ou gdllfication du polym^re. 

11 U proe6dd solon la ravendicatlon 1 0, caract6ri66 en ca 1'^tape 5, sont effeetu6s one Evaporation du solvant 
prwenant de le phase de matrice de polym^ire, yn traitemant thermlque ou una #mulsificatlon, 

12. Un procSdS destlnfi & la preparation du film (1 3) selon I'une quelconque des revendlcalions 1 a 9, comprenant les 
Etgpes suivantes : 

(I) dissolution dans un solvant du monomftre ou du pr6polym6re de la r^sine polymfere pr6vue pour la matrice 

J')SSSi'suspension de particules polarisant ia lumi^re (1 9; 29) dans un milieu liquide de sus- 
pension (17; 27). lequel est seulement partlellement compatible ou incompatible avec la rSsine polym6re de 
LatricUn poym6re(16;26)comprenantlestabill8ateurenpdym6reou agent ded«persion.l)m6^^^^^^ 

deTa solution obtenue durant I'Stape (I) avec la solution obtenue k rsiape (II) pour former une solut»n homo- 
gdne comprenant les particules polarisant la lumi&re dispersde, 

(IV) application de la solution homog6ne sur un substrat sous forme de film, et 

(V) siparation des phases et solidification ou formation d'un gel polymftre par la polymdnsation des mono- 
m&res ou des pr^polymdres. 

13 Le o,ocM6 selon I'une quelconque des revendications 10 k 12, caract6ris6 en ce qu'S l'6tape (111), la solution 
mCS esSpa^ ' una temperature 6lev6e. et , I'etape (V), la solution homog^ne est refroidie .usqu'S une 
laeune de miscibilW. c© qui prQvoque la separation do phases. 

14. Proc6d6 selon I'yne quelconque des revendications 10^13. caracteris6 en ce que le solvant utilise k W (I) 
est Qhpm parmi; 

dresters. tels qua I'ac^tate de mdthyle, i'acdtate d'elhyle, I'ac^tate d'isoamyle. I'acdtate de benzyle. et le 

benzp^te ?ie mdthyie ; . . * , ^ 

des hydrocarbures aromatique§ teis que le benzene, le xyl6ne. le toluene ; 
I'ac^tone. le c^tone d'^thyle methyls (MEK). St |e cycloliexanpne : 
r^cido lormique at Taeide acetique ; 

ie chlorure de m6thyl6ne. le chlorotorme et le t6trachlorure de carbone ; 
le methanol, I'^thanol, I'isopropanol, Tisobutanol, I'alcool benzoTque ; 
le dloxane et le tdtrahydrofurane (THF) ; 
les phenols ; . 
le nitro6thanne ; 

le formamide dim^lhylique (DMF) ; 
le sultoxyde dimethylique (DMSO) ; 
la pyridine, et 
raniline. 

15 Le Droc6d6 selon Tune quelconque des revendications 10 h 14. caract^ris^ en ce qu'^i l'6tape (IV), la solution 
c^^^^^^^^ polarisant la lumiere est appliquee sur un substrat conducteur. ou sur un substrat en 

verre ou sur un film PIT 

16. Le proc6d6 selon I'une quelconque des revendications 10 ft 15, dans lequel un substrat d-dlectrodes TCO est 
utills6dl'dtape(IV). 

17 Utilisation des films selon I'une quelconque des revendications 1 k 9 dans les dispositifs d'fichage aulomobite, 
las pare brise d'automebile, les r6troviseurs d'automebile, las tmm pour le batiments, les lunettes de seled, 
las obturateufs optiques et les dispositils d'affichage I iopan P'^t' 

18. Obturateurs optiques, comprenant un ou plusieurs films selon I'une quelconque des revendications 1 h 9. 
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